Characterization of Brake Pads by Variation in Composition of Friction Materials  by Nagesh, S.N. et al.
 Procedia Materials Science  5 ( 2014 )  295 – 302 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).











%UDNHSDGVDUHWKHPRVWLPSRUWDQWFRPSRQHQWRIDQDXWRPRELOHEUDNLQJV\VWHP ,W KHOS LQVPRRWKUHWDUGDWLRQRIDYHKLFOHDQG
ILQDOO\EULQJLQJLWWRKDOW%UDNHSDGVFRQYHUWWKHYHKLFOH¶VNLQHWLFHQHUJ\LQWRWKHUPDOHQHUJ\E\IULFWLRQ7KHHIIHFWLYHQHVVRIWKH
EUDNHVGHSHQGV FRPSOHWHO\RQ IULFWLRQDOPDWHULDO XVHGZKLFK LQ WXUQ DIIHFW WKHSHUIRUPDQFHRI WKHEUDNHSDGV ,Q WKHSUHVHQW
LQYHVWLJDWLRQ WKHEUDNH SDGVZHUH SURGXFHG E\ YDU\LQJ FRQVWLWXHQWV ZW RI WKH H[LVWLQJ FRPSRVLWLRQ DQGQHZ IRUPXODWLRQV
ZHUH PDGH ZLWK RWKHU IULFWLRQ PDWHULDOV 7KH EUDNH SDGV ZHUH PDQXIDFWXUHG XVLQJ SRZGHU PHWDOOXUJ\ WHFKQLTXH 7KH
PDQXIDFWXUHGEUDNHSDGVZHUHWHVWHGIRUFRHIILFLHQWRIIULFWLRQZHDUVKHDUVWUHQJWKKDUGQHVVDQGPLFURVWUXFWXUDODQDO\VLV7KH
YDULRXV WHVW UHVXOWVZHUHFRPSDUHGZLWK WKHH[LVWLQJEUDNHSDGFRPSRVLWLRQ +DUGIULFWLRQPDWHULDOV ZHUH IRXQG LQEUDNHSDGV
ZHDUDWDORZHUUDWHEXW UHVXOWV LQKLJKHUEUDNHQRLVH%UDNHSDGV 6DQG6VKRZHGUHVXOWVZKLFKDUHHTXLYDOHQWWRWKHH[LVWLQJ
EUDNHSDG
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV &RHIILFLHQWRIIULFWLRQIULFWLRQPDWHULDOV5HLQIRUFHPHQWILEUHVDGGLWLYHVELQGHUVIULFWLRQZHDU
 1DJHVK617HO ID[  
(PDLODGGUHVVQDJHVK#PVULWHGX
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
296   S.N. Nagesh et al. /  Procedia Materials Science  5 ( 2014 )  295 – 302 
 ,QWURGXFWLRQ
7KHPRVWLPSRUWDQWFRPSRQHQWV RIDQDXWRPRELOHEUDNLQJV\VWHP DUH %UDNHSDGV7KHHIIHFWLYHQHVVRIWKH
EUDNHVGHSHQGVFRPSOHWHO\RQWKHTXDOLW\ DQG SURSHU FRPSRVLWLRQ RIWKHEUDNHSDGV >@ ,W RIIHUV KLJK FRHIILFLHQWRI
IULFWLRQDQGOHVVZHDU 3URSHUVHOHFWLRQRIIULFWLRQDOPDWHULDOV DQGUHTXLUHGTXDQWLWLHVRIFRQVWLWXHQWVLVPDLQO\ EDVHG
RQH[SHULHQFHRU E\ WUDLO DQGHUURU PHWKRGWRPDNHQHZ IRUPXODWLRQV>@
)ULFWLRQPDWHULDO LVDKHWHURJHQHRXVPDWHULDODQGLVFRPSRVHGRIDIHZHOHPHQWVZKLFKDUHXVHGWRLPSURYH
IULFWLRQ SURSHUW\ DW ORZ DQG KLJK WHPSHUDWXUH LQFUHDVH VWUHQJWK DQG ULJLGLW\ SURORQJ OLIH UHGXFH SRURVLW\ DQG
UHGXFHQRLVH>@7KHQHZIRUPXODWLRQV DUHPDGH E\YDU\LQJWKHHOHPHQWVRUZHLJKWSHUFHQWDJHRIWKHHOHPHQWVWR
FKDQJH WKHSK\VLFDOPHFKDQLFDODQGFKHPLFDOSURSHUWLHVRI WKHEUDNH IULFWLRQPDWHULDOV )ULFWLRQPDWHULDOVVKRXOG
PDLQWDLQ VWDEOH DQG UHOLDEOH FRHIILFLHQW RI IULFWLRQ IRU DZLGH UDQJH RI WHPSHUDWXUH >@ &RPPHUFLDO EUDNH OLQLQJ
XVXDOO\ FRQWDLQV PRUH WKDQ  GLIIHUHQW FRQVWLWXHQWV %DVLF HOHPHQWV RI IULFWLRQDO PDWHULDOV DUH FODVVLILHG DV
DGGLWLYHVILOOHUVELQGHUVDQG UHLQIRUFHPHQWILEHUV7KHIULFWLRQDODGGLWLYHVFRPSULVH RID PL[WXUH RIDEUDVLYHVDQG
OXEULFDQWVDIIHFWV WKH IULFWLRQDOFKDUDFWHULVWLFVRI WKHEUDNH SDGV>@ 9HUPLFXOLWH LVXVHGDV ILOOHU WR VXSSUHVV ORZ
IUHTXHQF\ EUDNH QRLVH EXW LW KDV ORZKHDW UHVLVWDQFH %DULXP VXOSKDWH LPSDUWV KHDW VWDELOLW\ WR IULFWLRQPDWHULDO
1RUPDOO\ 3KHQROLF UHVLQ LV XVHG DV ELQGHU ZKLFK JLYHV JRRG ERQGLQJ DFWLRQ WR WKH YDULRXV FRQVWLWXHQWV 7KH
GLVDGYDQWDJH RI SKHQROLF UHVLQ LV EULWWOH ORZ LPSDFW UHVLVWDQFH KLJKO\ WR[LF DQG GHFRPSRVHV DW UHODWLYHO\ ORZ
WHPSHUDWXUHV 'LIIHUHQW UHLQIRUFHPHQW PDWHULDOV VXFK DV PHWDOOLF JODVV FHUDPLF DQG FDUERQ ILEHUV DUH XVHG WR
HQKDQFHIULFWLRQFKDUDFWHULVWLFVDQGPHFKDQLFDOVWUHQJWKRI WKHIULFWLRQPDWHULDO>O@
)ULFWLRQ DQG ZHDU FKDUDFWHULVWLFV RI IULFWLRQ PDWHULDO SOD\ DQ LPSRUWDQW UROH LQ GHFLGLQJ ZKLFK QHZ
IRUPXODWLRQVGHYHORSHGDUHVXLWDEOHIRUWKHEUDNHV\VWHP7KHIULFWLRQDQGZHDULVGLIILFXOWWRSUHGLFWGHSHQGVRQWKH
YDULRXV SDUDPHWHUV VXFK DV PLFURVWUXFWXUH PHWDOOLF FRXQWHUIDFH URWDWLQJ VSHHG SUHVVXUH DQG FRQWDFW VXUIDFH
WHPSHUDWXUH>@
,Q WKH SUHVHQW ZRUN QHZ IRUPXODWLRQV ZHUH WULHG IRU YDULRXV FRQVWLWXHQWV RI IULFWLRQ PDWHULDOV WR
PDQXIDFWXUH WKH EUDNH SDGV 7KH EUDNH SDGV ZHUH SURGXFHG XVLQJ SRZGHU PHWDOOXUJ\ WHFKQLTXH 7KH
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)LJ %UDNHSDG 6 D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
6SHFLPHQ 6ZHDUVDOPRVWDWFRQVWDQWUDWHXSWRPLQXWHVDQGWKHQWKHUHLVDGHFUHDVHRIPLFURPHWHUV)LJD
7KH VOLJKW GHFUHDVH LQZHDUPD\EH EHFDXVHRI VRPHDPRXQWRI R[LGDWLRQRQ WKH VXUIDFHRI WKH VSHFLPHQDV WKH
SHUFHQWDJHRIVWHHOZRROLQWKHFRPSRVLWLRQLVVOLJKWO\KLJKHU7KHFRHIILFLHQWRIIULFWLRQLVZLWKLQWKHUDQJHRIWR
 DQG LV DYHUDJHG WR  %UDNH SDG ZLWK LQFUHDVHG OXEULFDQW FRQWHQW VKRZV LQFUHDVHG VWDELOLW\ RI IULFWLRQDO
FRHIILFLHQW )LJE 7KH FRHIILFLHQW RI IULFWLRQ LV DOPRVW VWDEOH DIWHU  VHFRQGV LQGLFDWHV DGHTXDWH DPRXQW RI
JUDSKLWHDQGUHVLQSUHVHQWLQWKHFRPSRVLWLRQ
)LJ %UDNHSDG 6 D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
7KH ZHDU YDULHV EHWZHHQ  PLFURPHWHUV WR  PLFURPHWHUV IRXQG LQ VSHFLPHQ 6 ILJD +RZHYHU LW ZHDUV
VOLJKWO\KLJKFRPSDUHGWRWKH6SHFLPHQ6GXHWRGHFUHDVHLQWKHSHUFHQWDJHRIFHUDPLFILEHUDQGOHVVHUSHUFHQWDJH
RI VWHHO ZRRO 7KH FRHIILFLHQW RI IULFWLRQ LV DOPRVW VWDEOH DQG VOLJKWO\ OHVV WKDQ WKDW RI WKH VSHFLPHQ 6 GXH WR
LQFUHDVHLQWKHJUDSKLWHFRQWHQWILJE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)LJ %UDNHSDG 6D :HDUYVWLPHE &RHIILFLHQWRIIULFWLRQYVWLPH
,Q6SHFLPHQ 6WKHZHDUYDULHVEHWZHHQPLFURPHWHUVWRPLFURPHWHUVILJD,WGHFUHDVHVJUDGXDOO\PD\
EHGXHWRVOLJKWLQFUHDVHLQVWHHOZRROZWDQGYHUPLFXOLWHDQGVXUIDFHR[LGDWLRQRIWKHVSHFLPHQWKHFRHIILFLHQW
RI IULFWLRQ YDULHG EHWZHHQ  WR  DQG DYHUDJHG WR 7KH LQVWDELOLW\ LQ FRHIILFLHQW RI IULFWLRQ YDULDWLRQ
QRWLFHG PD\ EH GXH WR GHFUHDVH LQ JUDSKLWH DQG LQFUHDVH LQ VWHHO ZRRO SHUFHQWDJHV ILJ E %UDNH SDGV ZLWK
GHFUHDVHGOXEULFDQWDQGLQFUHDVHGDEUDVLYHFRQWHQWVKRZLQFUHDVHGLQVWDELOLW\LQFRHIILFLHQWRIIULFWLRQYDULDWLRQ>@







DQG DYHUDJHG WR 7KLVPD\EHGXH WR VOLJKW LQFUHDVH DUWLILFLDO JUDSKLWH ILJE%UDNHSDGVZLWK LQFUHDVHG
OXEULFDQWFRQWHQWVKRZHGVWDEOHFRHIILFLHQWRIIULFWLRQ>@
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WKH EUDNH SDGV 6 UHYHDOHG IURP WKH H[SHULPHQWDO DQDO\VLV 0LFUR VWUXFWXUDO DQDO\VLV ZDV FDUULHG RXW RQ WKH
VSHFLPHQV6DQG6DORQJZLWKEUDNHSDG66(0PLFURJUDSKVZHUHWDNHQIRUWKH6SHFLPHQ66DQG6
,WLVREVHUYHGIURPWKH6(0PLFURJUDSK RI6SHFLPHQ66PRRWKZHDUWUDFNVDQGIHZPLFURYRLGVRQWKHVXUIDFH




7KH EUDNLQJ ORDG LV DFWXDOO\ FDUULHG E\ WLQ\ SODWHDXV WKDW ULVH DERYH WKH VXUURXQGLQJ ORZODQGV RQ WKH IULFWLRQ
PDWHULDO7KHVHSODWHDXVDUHIRUPHGE\WKHUHLQIRUFLQJILEHUVVXUURXQGHGE\WKHVRIWHUFRPSDFWHGFRPSRQHQWVVXFK





)LJ 6(0PLFURJUDSKD %UDNHVDPSOH6 E%UDNHVDPSOH6F%UDNHVDPSOH 6 DW ;PDJQLILFDWLRQ
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&RQFOXVLRQV
7KH&KDUDFWHULVWLFVRI)ULFWLRQPDWHULDOVDUHYHU\FRPSOH[WRSUHGLFWDQGLWLVDFULWLFDOIDFWRULQEUDNHV\VWHPGHVLJQ
DQGSHUIRUPDQFH7R DFKLHYH WKH FRQVWDQW FRHIILFLHQW RI IULFWLRQXQGHUYDULRXVRSHUDWLQJ FRQGLWLRQV UHVLVWDQFH WR
KHDWZDWHUDQGRLO IDGHORZZHDUUDWHHWFVKRXOGQRWGDPDJHEUDNHGLVF7KLVFDQEHGRQHE\FKDQJLQJWKHW\SH
DQGZHLJKWSHUFHQWDJHRIWKHLQJUHGLHQWVLQWKHIRUPXODWLRQ7KH%UDNHSDGVDPSOH6ZHDUVOLJKWO\KLJKDQGWKH
FRHIILFLHQW RI IULFWLRQ ZDV DOPRVW VWDEOH DQG VOLJKWO\ OHVV FRPSDUHG WR WKH H[LVWLQJ VSHFLPHQ 7KH FRHIILFLHQW RI
IULFWLRQ IRU VDPSOH 6 ZDV VOLJKWO\ KLJK DURXQG  PD\ EH GXH WR WKH SUHVHQFH RI WKH KLJKHU SHUFHQWDJH RI
DEUDVLYHZKLFK LQFUHDVHV WKH IULFWLRQ FRHIILFLHQW DQGZHDU UDWH7KH VKHDU VWUHQJWKRI WKHQHZSUHSDUHG VSHFLPHQ
VKRZHGEHWWHUYDOXHVFRPSDUHGZLWKWKHH[LVWLQJEUDNHSDGV%UDNHSDGVSHFLPHQ6WKHSODWHDXVZHUHREVHUYHGLQ
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